Abstract. The coherent vortex extraction (CVE) is a technique based on the nonlinear filtering of the vorticity field projected onto an orthonormal wavelet basis. The coherent vortices of the flow are reconstructed from few strong wavelet coefficients, while the incoherent background flow corresponds to the majority of weak wavelet coefficients. Here CVE is applied to a lid driven cavity flow. Only 2.3% of wavelet coefficients are necessary to capture the coherent structures and contains almost all the enstrophy. The incoherent flow, which is the remaining, is structureless and noise-like. The results show that lid driven cavity flows are characterized by the presence of pronounced coherent structures.
Introduction
This project aims to investigate the coherent structures appearing in the so-called Lid Driven Cavity (LDC) flow. The LDC consists of a 3D cubic fully confined domain, where the flow is generated by the motion of one of the wall's cavity, see the flow domain and naming conventions given in Fig. 1 . The fluid enclosed in the cavity is assumed to be incompressible, viscous, Newtonian and homogeneous. The LDC is an archetype for internal recirculation flows and a benchmark for methods of direct numerical simulations. By opposition with the two-dimensional LDC flow which has become a standard benchmark problem for testing the accuracy of new numerical methods, the three-dimensional lid-driven cavity flow has received much less attention in the literature [9] . Besides its theoretical interest, the lid-driven cavity is a simplification of several engineering situations such as slots on the walls of heat exchangers or coating devices used in the paper industry for producing high grade paper and photographic film. Even though the problem statement appears fairly simple, the flow phenomena encountered within such systems are many and poorly understood. From a physical point of view, several well known flow phenomena appear in the LDC like shear flow, boundary layers, eddies and core vortex, and, with the occurrence of curved streamlines, a contribution due to the associated (Görtler) instability mechanism to the dynamics of the flow, Taylor-Görtler-like vortices. Less well known aspects of this flow concern the presence of streaks near the moving wall, of jet impingement at the walls, and of corner spiraling vortices and the coexistence of adjacent regions of laminar and turbulent flow within the cavity [6, 7, 2, 5].
Numerical Simulation and Coherent Vortex Extraction
Direct numerical simulation (DNS) -which involves the solution of the transient, non-linear, three dimensional Navier-Stokes equations without any modeling, and thus provides a complete description of a turbulent flow in space and time (from the largest turbulence generating eddies, down to the smallest dissipative Kolmogorov scales)-is performed at Reynolds numbers (based on the maximum velocity on the lid, and the cavity width), between 1.2 10 4 and 2.2 10 4 . An analysis based on the mean Navier-Stokes equation and the Reynolds stresses budgets is provided in [6, 7] . The DNS use a spectral method with up to 5 millions Chebyshev collocation points, which enable the detailed representation of all dynamically significant scales of motion. The agreement with the available experimental data of Prasad et al.[8] is fairly good but the comparison is limited to the mid-plane.
To study the role of coherent structures in such a flow, the coherent vortex extraction (CVE) is applied at a given time. The CVE method is based on denoising theory [3] and does not assume any pattern for the coherent structures. First, the wavelet coefficients of the vorticity ω ω ω = ∇ ∇ ∇ × u u u are computed using the fast wavelet transform. A thresholding is then applied to the wavelet coefficientsω ω ω λ λ λ . Thus, we split the field into two contributions, the wavelet coefficients of the coherent part defined byω ω ω λ λ λ C = ω ω ω λ λ λ if |ω ω ω λ λ λ | > ε = 4/3Z ln N 0 e l s e (1)
